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Background: The optimal duplex ultrasound (DUS) velocity criteria to determine in-stent carotid restenosis are
controversial. We previously reported the optimal DUS velocities for>30% in-stent restenosis. This prospective study will
further define the optimal velocities in detecting various severities of in-stent restenosis: >30%, >50%, and 80% to 99%.
Methods: The analysis included 144 patients who underwent carotid artery stenting as a part of clinical trials. All patients
had completion arteriograms and underwent postoperative carotid DUS imaging, which was repeated at 1 month and
every 6 months thereafter. Patients with peak systolic velocities (PSVs) of the internal carotid artery (ICA) of>130 cm/s
underwent carotid computed tomography (CT)/angiogram. The PSVs and end-diastolic velocities of the ICA and
common carotid artery (CCA) and the PSV of the ICA/CCA ratios were recorded. Receiver operating characteristic curve
(ROC) analysis was used to determine the optimal velocity criteria for the diagnosis of >30, >50, and >80% restenosis.
Results:Themean follow-up was 20months (range, 1-78months). Available for analysis were 215 pairs of imaging (DUS
vs CTA/angiography) studies. The accuracy of CTA vs carotid arteriogram was confirmed in a subset of 22 patients ( 
0.81). The ROC analysis demonstrated that an ICA PSV of>154 cm/s was optimal for>30% stenosis with a sensitivity
of 99%, specificity of 89%, positive-predictive value (PPV) of 96%, negative-predictive value (NPV) of 97%, and overall
accuracy (OA) of 96%. An ICA EDV of 42 cm/s had sensitivity, specificity, PPV, NPV, and OA in detecting >30%
stenosis of 86%, 62%, 87%, 60%, and 80%, respectively. An ICA PSV of >224 cm/s was optimal for >50% stenosis with
a sensitivity of 99%, specificity of 90%, PPV of 99%, NPV of 90%, andOA of 98%. An ICAEDVof 88 cm/s had sensitivity,
specificity, PPV, NPV, andOA in detecting>50% stenosis of 96%, 100%, 100%, 100%, 53%, and 96%. An ICA/CCA ratio
of 3.439 had sensitivity, specificity, PPV, NPV, and OA in detecting>50% stenosis of 96%, 100%, 100%, 100%, 58%, and
96%, respectively. An ICAPSV of>325 cm/s was optimal for>80% stenosis with a sensitivity of 100%, specificity of 99%,
PPV of 100%, NPV of 88%, and OA of 99%. An ICA EDV of 119 cm/sec had sensitivity, specificity, PPV, NPV, and OA
in detecting >80% stenosis of 99%, 100%, 100%, 100%, 75%, and 99%, respectively. The PSV of the stented artery was a
better predictor for in-stent restenosis than the end-diastolic velocity or ICA/CCA ratio.
Conclusion: The optimal DUS velocity criteria for in-stent restenosis of >30%, >50%, and >80% were the PSVs of 154,
224, and 325 cm/s, respectively. ( J Vasc Surg 2008;48:589-94.)Carotid percutaneous transluminal angioplasty and
stenting have been proposed as an alternative to carotid
endarterectomy (CEA) for significant carotid artery steno-
sis in high-risk surgical patients.1-4 The incidence of carotid
in-stent restenosis has been reported to vary between 1%
and 50%.1-5 This variation has been attributed to several
factors, including the method of stenosis calculation, the
definition of severity of stenosis, and the duration of follow-
up. Although carotid duplex ultrasound (DUS) imaging
has been the procedure of choice to evaluate the incidence
of recurrent stenosis after CEA, its role in determining the
incidence of carotid in-stent restenosis has been debated.5-9
We previously reported a high incidence rate (32%) of
50% carotid in-stent restenosis,10 when applying the stan-
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doi:10.1016/j.jvs.2008.04.004dard carotid DUS velocity criteria for native nonstented
carotid arteries, as defined by a peak systolic velocity of
140 cm/s.11 We also previously reported the optimal
DUS velocities for determining 30% carotid in-stent re-
stenosis.6 This prospective study will further define the
optimal velocities in detecting severities of carotid in-stent
restenosis of 30%, 50%, and 80% to 99%.
MATERIAL AND METHODS
Patient population. This study analyzed 144 patients
who underwent carotid artery stenting (CAS) between
February 6, 2001, and March 29, 2007, as part of carotid
clinical trials at our institution. The Institutional Review
Board of West Virginia University approved the study.
These clinical trials included MAVErIC 1, 2, and 3 (Eval-
uation of the Medtronic AVE Self-Expanding Carotid
Stent System with Distal Protection in the Treatment of
Carotid Stenosis), SHELTER (Stenting of High Risk Pa-
tients: Extracranial Lesion Trial with Emboli Removal),
Parodi (Parodi Anti-Emboli System as an adjuvant cerebral
protection device during Carotid Stent-supported angio-
plasty with the Boston Scientific Carotid Wallstent Mono-
rail Endoprosthesis), CREST (Carotid Revascularization
Endarterectomy vs Stent Trial), and CAPTURE (Carotid
589
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Unanticipated or Rare Events).
The indication for CAS included symptomatic 50%
carotid artery stenosis and asymptomatic80% carotid steno-
sis. All patients were at high surgical risk except the CREST
trial patients. They underwent preoperative DUS imaging
with an ATL HDI 5000 Phillips system (Advanced Technol-
ogy Laboratory, Phillips, Bellevue, Wash) in our vascular
laboratory, which is accredited by the Intersocietal Commis-
sion of Accreditation of Vascular Laboratories (ICAVL), with
or without magnetic resonance angiography/computed to-
mography angiography (CTA) before carotid arteriograms.
They also underwent poststenting carotid DUS imaging that
was repeated at 1 month and every 6 months thereafter.
The demographic and risk factors of all patients were
tabulated, which included smoking, hypertension, diabetes
mellitus, hypercholesterolemia, and the presence of coro-
nary artery disease.
All Doppler spectra were obtained using a Doppler
sample volume of 1 to 1.5 mm and a Doppler angle of 60°
or less. These ultrasound studies were identical, both preop-
eratively and postoperatively. The examination also included
gray scale B-mode imaging, color images of the common
carotid artery (CCA), carotid bifurcation, proximal, middle,
and distal portions of the stent, the distal unstented portion of
the internal carotid artery (ICA), and the external carotid
artery. The peak systolic velocities (PSV) and end diastolic
velocities (EDV) of the internal and CCAs, and the internal
ICA/CCAPSV ratioswere recorded.ThePSVvelocitieswere
taken as close as possible to the lesion.Thehighest velocities in
the stented segment were used for analysis and comparison to
other imaging modalities.
Patients with PSVs of the stented artery of130 cm/s
underwent carotid CTA or conventional carotid arterio-
grams (spin arteriography), or both, to verify the presence
of in-stent restenosis. This number was selected from a
previous study of a systemic review and meta-analysis of the
sensitivity and specificity of color DUS measurements and
the estimation of nonstented ICA stenosis.12 The threshold
of PSV of 130 cm/s in that study was associated with a
sensitivity of 98% and a specificity of 88% in the identifica-
tion of angiographic stenosis of 50%.12 Conventional
carotid angiography was only done in patients with carotid
DUS studies or CTAs that suggested 80% restenosis.
For practical purposes, and to comply with the standard
classification of carotid stenosis, we used a cutoff of 30%
stenosis to indicate normal to minimal disease. Accord-
ingly, carotid arteriography that was done at the comple-
tion of carotid stenting and carotid arteriography or CTA,
or both, that was done at a later date, were reviewed for the
presence of 30% stenosis, 30% to 50% stenosis, 50% to
80%, and 80% to 99% stenosis.
CT scanning was performed in the craniocaudal direc-
tion using a 64-detector row Philips CT scanner. Data
acquisition consisted of 64  0.625 mm, with reconstruc-
tion of 0.9 mm at increments of 0.45 mm, pitch of 0.89,
and rotation time of 1 second. Subsequently, through an
18- or 20-gauge cannula placed in an antecubital vein, 100mL of nonionic contrast material was injected at a rate of
4.5 mL/s after bolus tracking technique. The recon-
structed images were processed with the Philips Brilliance
workstation, with source and two- and three-dimensional
data sets reviewed using a picture archiving and communica-
tion system (PACS). Vessel analysis and lumen calculations
obtained using calliper method with the PACS system. An-
giographic measurements of stenoses were calculated ac-
cording to the North American Symptomatic Carotid End-
arterectomy Trial,13 basically by comparing the narrowest
segment of the carotid stent with the diameter of the distal
normal ICA where the wall becomes parallel.
The study analyzes patients with concurrent DUS im-
ages that were done 7 days of the poststenting comple-
tion carotid arteriogram, and patients who had carotid
DUS studies and CTA or carotid arteriography, or both, at
late follow-up, which were done 30 days. Six patients
with80% stenosis or occlusion of the contralateral carotid
artery were excluded from analysis. We also measured the
correlation between conventional carotid arteriography and
CTA in a subset of 22 patients who underwent both tests for
severe carotid artery stenosis based on DUS imaging.
The  statistic shows the agreement between conven-
tional carotid arteriography and CTA. The Cohen  coef-
ficient is a statistical measure of inter-rater reliability and, in
this case, tells us how often conventional carotid arteriog-
raphy and CTA agreed. An independent observer who was
blinded to the DUS findings was used for the interpretation
of the CTA/carotid arteriography.
Statistical analysis. The velocity data were expressed
as a mean  standard deviation. Analysis of variance was
used to compare the means of PSV, EDV, and the velocity
ratio with the stenosis. Comparison of the DUS velocity
data with the CTA/angiography was done using the Fisher
exact method. The accuracy of CTA vs conventional carotid
arteriograms was determined using the  statistics. Receiver
operating characteristic curves (ROCs) were used to com-
pare angiographic data and velocity measurements to de-
termine the optimum velocity criteria for in-stent restenosis
of 30%, 50%, and 80% to 99%. Sensitivity, specificity,
positive-predictive value (PPV), negative-predictive value
(NPV), and overall accuracy were determined for the PSVs,
EDVs, and the ICA/CCA ratio of the stented areas.
RESULTS
This study included 144 CAS patients. Available for anal-
ysis were 215 pairs of imaging (DUS vs CTA/angiogram)
studies, including 144 pairs of post-CAS completion arte-
riograms and carotid DUS studies. The remaining 71 pairs
were late CTA/arteriograms and carotid DUS studies, and
included 22 patients who had conventional contrast arte-
riograms. The mean follow-up was 20months (range, 1-78
months).
The demographic and clinical characteristics are sum-
marized in Table I. The combined perioperative stroke,
death, and myocardial infarction rate was 2%, consisting of
three minor strokes lasting 7 days in 144 patients.
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80% stenosis of the stented carotid arteries according to
CTA/angiogram were 178, 278, and 403 cm/s, respec-
tively (Table II). Themean EDVs and the ICA/CCA ratios
for patients with30%,50%, and80% stenosis are also
noted in Table II. There was a statistically significant dif-
ference among the mean values at 30% to 50%, 50% to 80%,
and 80% in-stent restenosis.
A subset analysis of 22 patients who underwent both
conventional carotid arteriography and CTA showed very
good correlation of the degree of stenosis as measured by
both modalities (  0.81, 95% confidence interval [CI],
0.555-1.0).
There were 19 patients with 50% in-stent restenosis,
8 at 12 months, 7 at 24 months, 2 at 36 months, and 2 at
48 months. The mean carotid stenosis before CAS was
84%, and no correlation existed between preoperative ste-
nosis and late in-stent restenosis, which may be because
seven patients had preoperative stenosis of 70%.
ROC analysis for sensitivity, specificity, PPV, and NPV
Peak systolic velocities. As noted in Table III (online
only), ROC analysis demonstrated that an ICA PSV of
154 cm/s was optimal for30% in-stent restenosis, with
a sensitivity of 99%, specificity of 89%, PPV of 96%, NPV of
97% and an overall accuracy of 96%. An ICA PSV 224
cm/s was optimal for 50% in-stent restenosis with a
sensitivity of 99%, specificity of 90%, PPV of 99%, NPV of
90%, and an overall accuracy of 98%. An ICA PSV of325
cm/s was optimal for 80% in-stent restenosis with a
sensitivity of 100%, specificity of 99%, PPV of 100%, NPV
of 88%, and overall accuracy of 99%.
End diastolic velocities. As noted in Table IV (online
only), ROC analysis demonstrated that an ICA EDV of
42 cm/s was optimal for30% in-stent restenosis with a
Table I. Demographics and clinical characteristics
Variable Value
Patients, No. 144
Age, mean (range) years 70 (40-88)
Sex, No. (%)
Male 73 (51)
Female 71 (49)
Comorbidities, No. (%)
Hypertension 117 (81)
Diabetes mellitus 60 (42)
Coronary artery disease 97 (67)
Congestive heart failure 24 (17)
Hypercholesterolemia 70 (49)
Current smoking 33 (23)
Chronic renal failure 25 (17)
Indications, No. (%)
Asymptomatic 83 (58)
Transient ischemic attack 51 (35)
Stroke 10 (7)
Restenosis after CEA 95 (66)
Primary stenosis 49 (34)
CEA, Carotid endarterectomy.sensitivity of 86%, specificity of 62%, PPV of 87%, NPV of60%, and an overall accuracy of 80%. An ICA EDV 88
cm/s was optimal for 50% in-stent restenosis with a
sensitivity of 96%, specificity of 100%, PPV of 100%, NPV
of 53%, and overall accuracy of 96%. An ICA EDV of119
cm/s was optimal for 80% in-stent restenosis with a
sensitivity of 99%, specificity of 100%, PPV of 100%, NPV
of 75%, and overall accuracy of 99%.
PSV ICA/CCA ratio. As noted in Table V (online
only), ROC analysis demonstrated that an ICA/CCA ratio
of 1.53 was optimal for 30% in-stent restenosis with a
sensitivity of 92%, specificity of 54%, PPV of 75%, NPV of
83%, and an overall accuracy of 77%. An ICA/CCA ratio
3.43 cm/s was optimal for50% in-stent restenosis with
a sensitivity of 96%, specificity of 100%, PPV of 100%, NPV
of 58%, and overall accuracy of 96%. An ICA/CCA ratio of
4.5 cm/s was optimal for80% in-stent restenosis with a
sensitivity of 99%, specificity of 86%, PPV of 100%, NPV of
75%, and overall accuracy of 99%.
Fig 1 shows the ROC curve for the sensitivity and
specificity for the PSV, EDV, and ICA/CCA ratio values
for 30% in-stent restenosis. As noted, a cutoff of 154
cm/s for PSV, 42 cm/s for EDV, and 1.53 ratio, resulted in
an area under the ROC curve (AUROC) of 0.97 for the
PSV value, 0.76 for the EDV, and 0.83 for the ICA/CCA
ratio. A larger AUROC is a measure of improved discrim-
ination. PSV was statistically significantly superior to the
EDV (P  .0001) and was also superior to the ICA/CCA
ratio (P  .0001). There was no statistical significance
between the EDV values vs the ratio (P  .0693).
Fig 2 shows the ROC curve for 50% restenosis com-
paring the sensitivity and specificity of the PSV, EDV, and
the ICA/CCA ratio. As noted on this curve, the AUROC
was 0.95 for the PSV value, 0.82 for the EDV, and 0.88 for
ICA/CCA ratio (PSV vs EDV, P  .058; PSV vs ICA/
CCA ratio, P .0279; EDV vs ICA/CCA ratio, P .344).
Fig 3 shows the ROC curve for80% in-stent resteno-
sis, comparing the sensitivity and specificity of the PSV,
EDV, and ICA/CCA ratio values. As noted in this figure,
the AUROC was 0.88 for the PSV, 0.90 for the EDV, and
0.86 for the ICA/CCA ratio (PSV vs EDV, P  .3236;
PSV vs ICA/CCA ratio, P  .3114; EDV vs ICA/CCA
ratio, P .1857). Table VI summarizes the optimal values
of PSVs, EDVs, and ICA/CCA ratios in determining
30%, 50%, and 80% in-stent restenosis. The PSV of
the stented artery was a better predictor for 30% and
50% in-stent restenosis than the EDV or the ICA/CCA
ratio, as noted in Fig 1 and Fig 2.
DISCUSSION
Carotid DUS imaging has been used for the diagnosis
of carotid artery stenosis for more than two decades. The
appropriate threshold velocities defining various degrees of
stenoses have been analyzed, leading to the use of specific
PSVs, EDVs, or PSV/EDV ratios, or both, to define vari-
ous categories of carotid artery stenosis. DUS can also be
used to examine stented carotid arteries. Although the stent
material is highly reflective, it does not produce any signif-
icant artifact to limit DUS visualization of the stent. It can
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and any abnormalities.
It has been speculated that stents may decrease the
compliance of the carotid artery, therefore causing elevated
PSVs, even in stenting with normal lumen.6,9 In addition,
because the plaque is not removed with CAS, this may also
add to a decreased compliance and elevated velocities.
Although B-mode image data are generally useful, the
primary ultrasound parameters used in most vascular labo-
ratories to diagnose the severity of carotid artery disease
have been the hemodynamic parameters of PSV, EDV, and
ICA/CCA ratio, alone or combined.11
At the present time, DUS criteria have not been stan-
dardized for patients undergoing CAS. In an earlier study,
Robbin et al7 concluded that the use of DUS in the
follow-up of stented carotid arteries was unreliable in de-
tecting in-stent restenosis based on variable velocity mea-
Table II. Mean peak systolic and end diastolic velocities a
Variable
30-50 (n  38) 50
Mean SE Range Mean
PSV 178 4.02 142-265 278
EDV 43 2.54 20-80 65
Velocity ratioa 1.99 0.11 0.97-3.38 2.93
EDV, End diastolic velocity; PSV, peak systolic velocity; SE, standard error.
aInternal carotid artery/common carotid artery ratio.
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
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0.0
0.2
0.4
0.6
0.8
1.0
PSV, AUC = 0.97
EDV, AUC = 0.76
Velocity Ratio, AUC = 0.83
> 30% Restenosis ROC Curves
PSV vs EDV - p = <0.0001, PSV vs Ratio - p = <0.0001,
EDV vs Ratio - p = 0.0693 
Fig 1. Receiver operating characteristic (ROC) curve for 30%
in-stent restenosis shows peak systolic velocity (PSV, black line),
end diastolic velocity (EDV, red line), and velocity ratio area under
the curve (AUC, green line).surements. Similarly, Ringer et al8 also reviewed their ex-perience after CAS and concluded that strict velocity
criteria for restenosis were unreliable. In a previously pub-
lished study, and when we initially applied our ICAVL-
accredited vascular laboratory duplex velocity cutoff PSV of
140 cm/s criteria, which was developed for native non-
stented carotid arteries to distinguish between 50% vs
50% stenosis, 32% of our patients were considered to have
50% in-stent restenosis (a PSV of 140 cm/s).6 When
the same duplex velocity criteria for nonstented carotid
arteries were applied, 54% of our stented patients were
considered to have 30% restenosis. However, when we
used new duplex velocity criteria for stented arteries (PSV
155 cm/s to define 30% restenosis), only 33% were
considered to have 30% in-stent restenosis at a mean
follow-up of 18 months.6 The same observations were
noted when we applied our new criteria in this study. These
tios for severity of in-stent restenosis
n  11) 80-99 (n  8)
PRange Mean SE Range
2 201-408 403 59.58 58-613 .0001
9 20-119 130 17.5 26-181 .0001
1 1.51-4.53 5.26 0.97 0.16-8.88 .0001
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
S
en
si
tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
PSV, AUC = 0.95
EDV, AUC = 0.82
Velocity Ratio, AUC = 0.88
> 50% Restenosis ROC Curves
PSV vs EDV - p = 0.0588, PSV vs Ratio - p = 0.0279,
EDV vs Ratio - p = 0.3442 
Fig 2. Receiver operating characteristic (ROC) curve for 50%
in-stent restenosis shows peak systolic velocity (PSV, black line),
end diastolic velocity (EDV, red line), and velocity ratio area under
the curve (AUC, green line).nd ra
-80 (
SE
17.3
11.0
0.3new defined PSVs of stented carotid arteries were very
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with a sensitivity of 100%, a specificity of 90%, PPV of 74%,
and a NPV of 100%.6
The present prospective study was designed to further
classify the severity of in-stent restenosis of 30%, 50%,
and 80% to 99%. For practical purposes, and to comply with
the standard classification of carotid stenosis, we used the
cutoff for 30% stenosis to signify normal to minimal
disease.6,11 Furthermore, stenosis of 50% is generally the
accepted definition of in-stent restenosis in most CAS
studies.9,14,15 In addition, reintervention is generally rec-
ommended for symptomatic in-stent 50% restenosis and
for 80% asymptomatic in-stent restenosis.14-16
Our present study suggests that carotid DUS imaging
after CAS using our new described velocity criteria can
detect hemodynamically significant carotid in-stent reste-
nosis with very good accuracy. ROC analysis found that an
ICA PSV of 224 cm/s was optimal for the diagnosis of
50% in-stent restenosis with a sensitivity of 99% and
specificity of 90%, and similarly, an ICA PSV of325 cm/s
was optimal for 80% in-stent restenosis with a sensitivity
of 100% and specificity of 88%.
A few recent studies have reported on the optimal
duplex velocity criteria in the diagnosis of 50% in-stent
restenosis. Bae Ju Kwon et al17 reported that a PSV of 200
cm/s and an ICA/CCA ratio of 2.5 were optimal in the
diagnosis of 50% in-stent restenosis with a sensitivity of
1 - Specificity
0.0 0.2 0.4 0.6 0.8 1.0
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tiv
ity
0.0
0.2
0.4
0.6
0.8
1.0
PSV, AUC = 0.88
EDV, AUC = 0.90
Velocity Ratio, AUC = 0.86
> 80% Restenosis ROC Curves
PSV vs EDV - p = 0.3236, PSV vs Ratio - p = 0.3114,
EDV vs  Ratio - p = 0.1857 
Fig 3. Receiver operating characteristic (ROC) curve for 80%
in-stent restenosis shows peak systolic velocity (PSV, black line),
end diastolic velocity (EDV, red line), and velocity ratio area under
the curve (AUC, green line).90%, specificity of 97%, PPV of 86%, and NPV of 86%.Stanziale et al18 analyzed 118 pairs of DUS velocities and
carotid arteriography measurements and reported that a PSV
of350 cm/s and an ICA/CCA ratio of4.75were optimal
in the diagnosis of70% stenosis. They also concluded that a
PSV of225 cm/s and ICA/CCA ratio of2.5 were com-
patible with carotid in-stent restenosis of50%.18
Unlike our present study, these previous reports7,8,17,18
lack a reliable ROC analysis of their velocities. In addition,
only patients with high velocities underwent carotid arteriog-
raphy for comparison, which may lead to potential bias to-
wards higher velocity thresholds and may impact the rate of
false-negative and false-positive values. Clinicians who exam-
ine our ROC analysis data can select thresholds with high
NPV and sensitivity, whichwill ensure that fewer patients with
in-stent restenosis will be missed using carotid DUS imaging,
which is usually used as a screening modality before further
imaging is done before any intervention.
Recently, Lal et al19 reported their DUS criteria for
stented carotid arteries, with findings somewhat similar to
our study. Of the 255 CAS procedures that they reviewed,
39 patients had contralateral ICA stenosis and were ex-
cluded from the study, 23 died, and 64 were lost to
follow-up. The remaining tests and procedures available for
analysis included 189 pairs of DUS and procedural carotid
angiogram measurements, 99 pairs of DUS and CTA mea-
surements during routine follow-up, and 29 pairs of DUS
and carotid angiogram measurements during follow-up for
suspected high-grade 80% in-stent restenosis (310 pairs
of observations, DUS vs carotid angiograms/CTA). The
ROC analysis demonstrated the following optimal thresh-
old criteria: 20% stenosis (PSV 150 cm/s and ICA/
CCA ratio 2.15), in-stent restenosis 50% (PSV 220
cm/s and ICA/CCA ratio 2.7), and in-stent restenosis
80% (PSV 340 cm/s and ICA/CCA ratio 4.15). Our
present study confirms their values of PSVs in detecting
30%, 50%, and 80% in-stent restenosis; however,
adding the ICA/CCA ratio to the PSV value did not
significantly change our ability to detect in-stent restenosis.
Obtaining an immediate postoperative DUS study after
CAS is critical. Peterson et al,20 in analyzing DUS velocity
criteria obtained in 158 patients who were treated with
CAS, demonstrated the importance of obtaining a carotid
DUS study in the immediate postoperative period to serve
as a reference for future follow-up, thus insuring early
detection of in-stent restenosis. Similar observations were
made by Ringer et al8 and in our present series.
The present study has a few limitations, including the
use of CTA instead of conventional arteriography in some
of our patients; however, several studies found that CTA
and conventional arteriography have comparable accura-
cies.21,22 Similar findings were also noted in our present
study, with close agreement between the two modalities
(  0.81). Another limitation of the study is the small
number of 19 patients with severe carotid stenosis.
Until new proposed revised DUS criteria for CAS are
standardized in each vascular laboratory, it is mandatory for
follow-up DUS velocities to be compared with earlier ve-
locities after stenting. Persistent elevation of PSVs may be
arotid
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should be clinically managed accordingly.
CONCLUSIONS
This study indicates that the optimal DUS velocity
criteria for in-stent restenosis of 30%, 50%, and 80%
were PSVs of 154, 224, and 325 cm/s, respectively. Early
registration of baseline velocities to compare with subse-
quent follow-up velocities of the stented carotid artery is
ideal. Elevation in PSVs, EDVs, or ICA/CCA ratios, or
both, may be indicative of developing in-stent restenosis,
which may then undergo angiographic evaluation and
management, if clinically indicated.
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end diastolic velocity, and internal carotid
stolic velocity ICA/CCA ratio
(95% CI) SE Cutoff AUC (95% CI) SE
(.68-.84) 0.04 1.533 .83 (.77-.90) 0.03
(.69-.96) 0.07 3.439 .88 (.77-.99) 0.06
(.72-1) 0.09 4.533 .86 (.62-1) 0.12
artery/common carotid artery; SE, standard error.city,
d dia
AUC
.76
.82
.90at www.jvascsurg.org.
cy; PPV, positive-predictive value; PSV, peak systolic velocities.
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Volume 48, Number 3 AbuRahma et al 594.e1Table III (online only). Sensitivity and specificity of peak
restenosis
Stenosis PSV Sensitivity 95% CI
30% 150 99 97-100
152 99 97-100
153 99 97-100
* 154 99 97-100
155 98 96-100
157 98 95-100
159 96 93-99
160 93 90-97
50% 201 99 98-100
217 99 98-100
* 224 99 98-100
227 99 97-100
229 98 96-100
241 98 96-100
251 98 95-100
255 97 95-99
80% 269 100 99-100
292 100 99-100
313 100 99-100
* 325 100 99-100
339 99 98-100
361 98 96-100
408 98 96-100
CI, Confidence interval; NPV, negative-predictive value; OA, overall accura
*Author needs to define this.systolic velocities for 30%, 50%, and 80% in-stent
Specificity 95% CI PPV NPV OA
83 74-92 93 97 94
85 76-93 94 97 94
87 79-96 95 97 95
89 81-97 96 97 96
90 82-98 96 95 96
91 84-99 97 93 96
91 83-99 97 88 94
92 85-100 98 81 93
81 64-98 98 90 97
85 69-100 99 90 98
90 76-100 99 90 98
89 74-100 99 84 98
88 73-100 99 79 97
94 82-100 100 79 98
93 81-100 100 74 97
93 79-100 100 68 97
58 30-86 98 88 97
70 42-98 99 88 98
78 51-100 99 88 99
88 65-100 100 88 99
86 60-100 100 75 99
80 45-100 100 50 98
100 100 100 50 98
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September 2008594.e2 AbuRahma et alTable IV (online only). Sensitivity and specificity of end diastolic velocities for 30%, 50%, and 80% in-stent
restenosis
Stenosis EDV Sensitivity 95% CI Specificity 95% CI PPV NPV OA
30% 38 85 80-91 50 39-62 77 63 74
39 86 80-91 53 41-65 80 63 75
40 85 79-91 56 43-68 83 60 77
41 85 80-91 59 46-71 85 60 78
* 42 86 80-91 62 49-75 87 60 80
43 82 77-88 59 45-73 88 47 77
44 82 77-88 63 49-78 91 46 79
45 82 77-88 65 50-80 91 46 79
50% 74 96 93-98 67 43-91 98 53 94
75 96 93-98 77 54-100 99 53 94
80 96 93-98 91 74-100 100 53 95
* 88 96 93-98 100 100 100 53 96
104 95 92-98 100 100 100 47 95
112 94 92-98 100 100 100 42 95
118 94 91-97 100 100 100 37 94
80% 88 100 99-100 70 42-98 99 88 98
104 99 98-100 68 36-98 99 75 98
112 99 98-100 75 45-100 99 75 98
118 99 97-100 86 60-100 100 75 99
* 119 99 98-100 100 100 100 75 99
124 99 97-100 100 100 100 63 99
130 98 96-100 100 100 100 50 98CI, Confidence interval; EDV, end diastolic velocity; NPV, negative-predictive value; OA, overall accuracy; PPV, positive-predictive value.
*Author needs to define.Table V (online only). Sensitivity and specificity of internal carotid artery/common carotid artery ratios for 30%,
50%, and 80% in-stent restenosis
Stenosis ICA/CCA ratio Sensitivity 95% CI Specificity 95% CI PPV NPV OA
30% 1.507 92 87-97 52 42-63 73 83 75
1.513 92 87-97 53 42-63 73 83 76
1.525 92 88-97 54 44-65 75 83 77
* 1.533 92 88-97 54 44-65 75 83 77
1.538 92 87-96 54 43-64 75 81 76
1.543 92 87-96 54 44-65 75 81 77
1.548 92 87-96 55 44-66 76 81 77
1.554 91 86-96 54 44-65 76 79 77
50% 2.797 96 94-99 57 36-78 95 63 93
3.049 96 94-99 63 42-85 96 63 94
3.067 97 94-99 67 45-88 97 63 94
3.357 96 93-99 65 42-87 97 58 94
3.38 96 93-99 85 65-100 99 58 95
* 3.439 96 93-99 100 100 100 58 96
3.589 96 93-98 100 100 100 53 96
3.691 95 92-98 100 100 100 47 95
4 94 91-97 100 100 100 37 94
80% 3.38 99 98-100 46 19-73 97 75 96
3.439 99 98-100 55 25-84 98 75 97
3.589 99 98-100 60 30-90 98 75 97
3.691 99 98-100 67 36-98 99 75 98
4 99 98-100 86 60-100 100 75 99
* 4.533 99 98-100 86 60-100 100 75 99
5.463 99 98-100 100 100 100 75 99
5.691 99 97-100 100 100 100 63 99
CI, Confidence interval; ICA/CCA, internal carotid artery/common carotid artery; NPV, negative-predictive value; OA, overall accuracy; PPV, positive-
predictive value.
*Author needs to define.
